Background. Behavioural and psychological symptoms of dementia (BPSD) cause significant patient and caregiver morbidity in vascular cognitive impairment (VCI). Objectives. To study and compare the occurrence and severity of BPSD between multiinfarct dementia (MID), subcortical ischaemic vascular disease (SIVD), and strategic infarct subtypes of poststroke VCI and to evaluate the relationship of these symptoms with the severity of cognitive impairment. Methods. Sixty patients with poststroke VCI were classified into MID, SIVD, and strategic infarct subtypes. BPSD were studied by the neuropsychiatric inventory (NPI). The severity of cognitive impairment was evaluated by the clinical dementia rating scale (CDR). Results. 95% of cases had at least one neuropsychiatric symptom, with depression being the commonest, irrespective of subtype or severity of VCI. Strategic infarct patients had the lowest frequency of all symptoms. SIVD showed a higher frequency and severity of apathy and higher total NPI scores, compared to MID. Apathy and appetite disturbances occurred more commonly with increasing CDR scores. The total NPI score correlated positively with the CDR score. Conclusion. Depression was the commonest neuropsychiatric symptom in VCI. The neuropsychiatric profiles of MID and SIVD were similar. The frequency and severity of apathy and the net burden of BPSD increased with increasing cognitive impairment.
Introduction
Behavioural and psychological symptoms of dementia (BPSD) form an integral part of the natural history of dementia. Dementia patients develop changes in mood, personality, perception, thought, and vegetative functions like sleep and appetite, which affect the daily functions of the patient and are potentially disruptive to the family. The causes of BPSD are far from clear. These symptoms may arise due to perturbations in the neurotransmitter milieu that underlie the pathogenesis of dementia. Environmental factors also influence the occurrence of BPSD. Dementia results in greater susceptibility to environmental stimuli and a lower threshold at which these stimuli affect behaviour. People with dementia progressively lose their coping abilities, leading to the manifestation of various behavioural abnormalities.
BPSD have been found to lead to a more rapid cognitive decline in patients with dementia [1] and to correlate negatively with their survival [2] . They also contribute significantly to caregiver distress. Caregivers of dementia patients report BPSD, especially symptoms like aggression and screaming, to be the most difficult problem to cope with [3] . The management of BPSD has the potential to alleviate much of the suffering of dementia patients and their caregivers. Notwithstanding the importance of these symptoms, there has traditionally been an overbearing emphasis on cognitive dysfunction alone in the classical descriptions of most dementia subtypes.
Vascular cognitive impairment (VCI) as currently understood refers to the entire spectrum of cognitive impairment occurring as a result of cerebrovascular disease. The present concept of VCI encompasses not only vascular dementia (VaD), but also mixed dementia and vascular cognitive impairment-no dementia (VCI-ND). VCI-ND refers to that subgroup of patients who manifest cognitive deficits resulting from cerebrovascular disease, but do not meet the definition of dementia. As compared to Alzheimer disease, the literature dealing with BPSD in VaD is relatively modest, especially so in the context of the modern concept of VCI. The present study aimed to examine the profile of neuropsychiatric symptoms in VCI.
Aims of the Study
To study the behavioural and psychological symptoms in patients with poststroke VCI and their relationship with the subtype and severity of VCI.
Methods
This prospective, observational study was approved by the institutional ethics committee. All patients who presented to our Neurology Department between March 2011 and August 2012 at least 3 months after a stroke were interrogated regarding the occurrence of cognitive dysfunction in the presence of a reliable caregiver. Those who were found to have developed cognitive deficits following a stroke, scored ≥4 on the Hachinski Ischaemic Score [4] , and gave written and informed consent to participate in the study were made to undergo a detailed neurological and mental status examination. Cognitive domains like language, attention, executive function, memory, visuospatial function, praxis, and calculation were clinically evaluated using appropriate tests. Patients who had aphasia severe enough to impair the evaluation of other cognitive domains, those with clinical features of degenerative dementias like Alzheimer's disease, dementia with Lewy bodies, and frontotemporal lobar degeneration, those with hepatic, renal, or thyroid dysfunction, and those who were already on antidementia drugs, cognition enhancers, antidepressants, anxiolytics, or antipsychotics were excluded. All patients underwent a brain MRI scan (1.5 or 3 Tesla, incorporating T1, T2, FLAIR, diffusion-weighted images, ADC maps, and GRE sequences.). Vascular dementia was diagnosed in cases fulfilling the NINDS-AIREN criteria for probable VaD [5] . Cases consistent with the criteria described by the Canadian Study of Health and Ageing were designated vascular cognitive impairment-no dementia (VCI-ND) [6] . VCI comprises both the above subsets of patients. Based on the MRI findings, cases were classified into multi-infarct dementia (MID) (multiple cortical-based infarcts), strategic infarct (strategic) (a single infarct in a cortical or subcortical location correlating with the clinical localisation of the observed deficits on higher mental function assessment), and subcortical ischaemic vascular disease subgroups (SIVD) (multiple lacunar infarcts and/or subcortical T2 hyperintensities involving ≥25% of white matter). Cases with mixed multi-infarct dementia and SIVD features on the MRI and those with evidence of intracerebral haemorrhage or venous sinus thrombosis were excluded. The clinical dementia rating scale (CDR) score [7] was used to determine the severity of cognitive impairment.
BPSD were studied on the neuropsychiatric inventory (NPI) [8] based on an interview with a responsible caregiver. For each of the 12 symptoms, the product of the frequency and severity scores was recorded as the domain score. Based on the sum of the domain scores, a total NPI score for each patient was calculated.
Statistical Analysis.
Mean age and educational status were compared between the MID, SIVD, and strategic infarct groups by the one-way analysis of variance (ANOVA). The sex distribution between these groups was studied by means of the Chi-square test. The differences in the frequency of various symptoms between MID, SIVD, and strategic infarct groups and between the 4 classes based on the CDR were also studied by means of the Chi-square test. The differences in individual NPI domain scores and the total NPI scores between MID and SIVD groups were studied by means of the Mann-Whitney test. Correlations between the CDR score and individual domain scores or the total NPI score were estimated by Spearman's correlation coefficients. ( ) A value ≤ 0.05 was considered to be statistically significant.
Results
A total of 60 patients of VCI were included. Overall, the mean age was 58.8 (±12.03) years and the male : female ratio was 2 : 1. The mean number of years of education was 8 (±5.14). MID, SIVD, and strategic subtypes constituted 25, 21, and 14 patients, respectively. There was no significant difference regarding age, sex, and educational status between the three subtypes ( Table 1 ). The CDR scores ranged from 0.5 to 3. Based on the CDR scores, the MID and SIVD groups were comparable. Most strategic cases had a CDR score of 0.5. Figure 1 ). At least one behavioural or psychological symptom on the NPI was found in 57 out of 60 cases (95%). 3 cases (5%) had no BPSD. Overall, the mean number of symptoms was 3.98 (±2.11). Depression was the commonest BPSD at 73.3%, followed by appetite disturbances (65%), irritability (51.6%), and anxiety (41.6%). Apathy was found in 35% of the cases. Disinhibition (8%), euphoria, and hallucinations (5% each) were the least common of the BPSD on the NPI. Comparing the frequency of individual symptoms between the four CDR score groups (i.e., CDR = 0.5, 1, 2, and 3), the frequency of both apathy and appetite disturbances was found to differ significantly between the CDR groups and showed an increase with increasing CDR scores ( = 0.001 for each). Euphoria occurred only in the CDR 0.5 and 1 groups, though the difference was not statistically significant. The profile of BPSD in the three subtypes of VCI was compared. Depression was found to be the commonest symptom irrespective of the subtype. The frequency of each symptom was the lowest in the strategic group. Each of the 3 cases who did not manifest BPSD belonged to the strategic infarct group, with the infarcts being in the left angular gyrus, right putamen, and right basifrontal region, respectively. Tests of statistical significance were applied only between MID and SIVD groups as they were comparable on the basis of the CDR scores. These two groups differed only in the domain of apathy which was significantly commoner in SIVD ( = 0.002). Euphoria was seen only in the MID subgroup, though the difference was not significant.
Frequency of Various BPSD (Table 2,

Severity of BPSD.
Based on the NPI subscale scores, depression was found to be the most severe symptom, followed by irritability, appetite disturbances, apathy, and agitation/aggression (mean subscale scores 5.63, 3.7, 3.35, 3.083, and 3.08, resp.). The lowest mean score was seen in the domain of hallucinations (0.08). The apathy scores showed a robust correlation with the CDR score ( = 0.72, < 0.0001). Significant positive correlations were also observed in the domains of night-time behaviour disturbances ( = 0.58, < 0.0001) and appetite disturbances ( = 0.49, = 0.0002). Correlation was insignificant in the anxiety ( = 0.18, = 0.15), depression ( = 0.2, = 0.07), and the other remaining domains. A significant positive correlation existed between the total NPI score and the CDR score ( = 0.598, = 0.001).
Comparing between MID and SIVD groups, the SIVD group had a higher severity of delusions, agitation/aggression, anxiety, apathy, aberrant motor activity, and nighttime behaviour and appetite disturbances as compared to Figure 2) ; however, the difference was statistically significant only for apathy ( = 0.01). The SIVD group had a significantly higher total NPI score (mean (SD) score: MID versus SIVD; 26.92 (12.01) versus 37.14 (17.21), median score MID versus SIVD; 27 versus 36 ( = 0.049)).
MID (
Discussion
Neuropsychiatric symptoms are important noncognitive features of VCI. These symptoms have been described to be compatible with a diagnosis of vascular dementia as per the Hachinski Ischaemic Score and the NINDS-AIREN criteria. There is a dearth of studies documenting the profile of BPSD in VaD and more so in the broader clinical construct of VCI.
The occurrence of BPSD in our study was 95%, which was similar to other previous studies of BPSD in VaD and VCI [9, 10] . We found depression to be the commonest symptom, as described previously by Srikanth et al. [11] . On the other hand, Staekenborg et al. [9] and Fuh et al. [12] reported apathy to be the commonest neuropsychiatric symptom in VaD. Euphoria was the least common symptom in our study, which was in well agreement with previous studies [9, 13] . Most earlier studies dealt only with VaD. On the other hand, Chiu et al. studied patients with VCI with or without dementia and found sleep disturbances and depression to be the commonest symptoms [10] . The pattern of BPSD may differ depending on the cohort studied, the definition of VCI/VaD, and the instrument used to study the symptoms. All symptoms were less common in the strategic group as compared to MID and SIVD groups, which could probably be explained on the basis of the fact that these patients had lower CDR scores. The profile of BPSD in the MID and SIVD groups was comparable, except a significantly higher occurrence and severity of apathy in SIVD. Apathy is known to be common in subcortical ischaemic vascular disease owing to the occurrence of white matter lesions and/or lacunar infarcts in the basal ganglia and thalami, which lead to interruption of corticosubcortical circuits. Apathy has been variously described to be commoner and more severe in SIVD [9] and in MID [12] . Though not statistically significant, we found a higher frequency of hallucinations, agitation/aggression, irritability, and euphoria in our MID group in good agreement with other studies. Aggression [9, 12] , euphoria [9] , and irritability [9] have been reported to be commoner in MID in other studies as well. Aggressive behaviour is common in stroke, especially in the territories of the large cerebral vessels [14] . Recently, there has been an attempt to group the BPSD into symptom clusters depending on the frequency of their cooccurrence and to hypothesise a similar pathogenic mechanism for each symptom in a cluster. Irritability, euphoria, and agitation, among others, have been grouped into the "hyperactivity" cluster by Aalten et al. [15] . It is interesting to note on the basis of our findings and those of a previous study [9] that MID patients are more likely to display these "hyperactivity" symptoms, whereas apathy, appetite, and eating disturbances which are part of the "apathy" cluster are commoner in SIVD.
Overall, the total NPI score was found to be higher in SIVD than in MID as compared to previous studies which reported no difference between the groups [9] or a higher score in MID [12] . The total NPI score demonstrated a good positive correlation with the CDR score. Another study also reported a positive correlation between quantitative BPSD scores and the severity of cognitive impairment in VaD [16] .
Separately studying the correlation of the severity of individual symptoms with the CDR score, the apathy score was found to correlate most robustly with the severity of cognitive impairment in VCI, followed by appetite and nighttime behaviour disturbances. Anxiety and depression scores showed insignificant correlation with the CDR score. Few studies have attempted to correlate the severity of individual symptoms with the degree of cognitive impairment. AharonPeretz et al. showed a positive correlation of CDR with appetite and night-time behaviour scores but did not find significant correlations with apathy, anxiety, depression, or euphoria in their cohort of subcortical VaD [17] . Increasing vascular lesion burden in the brain may contribute to worsening cognitive and behavioural performance in patients with VCI. However, lesion volume and lesion location may show differential effects on cognition and behaviour. Hence, there may not be a simplistic linear correlation between cognitive and behavioural disturbances in VCI.
The strengths of our study are the inclusion of patients of VCI with and without dementia, the observation of BPSD symptoms in strategic infarcts, and the attempt to study BPSD with respect to both the subtype and severity of VCI. However, the relatively small sample size is a major limitation of our study and a larger sample size would definitely have made the results more relevant. Most patients of VCI also have significant motor disability which may influence Behavioural Neurology 5 the occurrence and/or severity of BPSD. Our study did not compare BPSD with the functional status of these patients or with respect to their age and gender. Moreover, there was a referral bias in our study because only patients with disabling strokes and significant motor deficits were referred to our institute. The motor symptoms overshadowed the cognitive and behavioural symptoms as the presenting complaint by most families. Contrary to the literature, we had fewer cases of SIVD, probably because these patients tended to have fewer disabling motor deficits and hence were not referred. We also observed a tendency on the part of many families to attribute cognitive and behavioural disturbances to age, socioeconomic problems, or supernatural factors and to delay seeking medical help for these problems until they became unmanageable.
In conclusion, BPSD are very common in poststroke VCI. Depression was found to be the commonest symptom, irrespective of the subtype or severity of VCI. Apathy was both commoner and more severe in SIVD than in the multi-infarct dementia group. The total NPI score was also significantly higher in the former group. Otherwise, these two subgroups were comparable. Apathy and appetite disturbances showed an increase with increasing CDR scores. The severity of apathy, appetite, and night-time behaviour disturbances as well as the total NPI scores correlated positively with worsening degrees of cognitive impairment.
Early characterisation and management of BPSD in VCI are important inasmuch as the alleviation of these distressing symptoms can improve the performance of these patients and ease the burden of their caregivers. Further elucidation of the anatomical basis of various neuropsychiatric symptoms especially in strategic infarct dementia has a potential to throw more light on the biology of BPSD and to help develop more effective treatment modalities for these conditions.
